INTRODUCTION
============

Cardiovascular disease is a leading cause of premature mortality in patients with diabetes mellitus \[[@b1-kjim-2015-404]\]. The risk of premature mortality increases in diabetic patients with hypertension \[[@b2-kjim-2015-404]\]. The proper treatment and control of blood pressure (BP) is important to prevent macrovascular complications and reduce the progression of microvascular complications.

The renin-angiotensin-aldosterone system (RAAS) is considered a possible unifying pathophysiology of diabetes and hypertension and associated complications. The first choice of drugs for treatment of hypertension in diabetic patients are angiotensin-converting-enzyme inhibitors (ACEIs) or angiotensin II receptor blockers (ARBs) due to the reduction in macrovascular and microvascular complications and their positive metabolic effects, which are independent of BP-lowering effects \[[@b3-kjim-2015-404]\].

Oxidative stress is defined as excessive production of reactive oxygen species (ROS) in the presence of diminished anti-oxidant substances, and it has emerged as an important mechanism for the development of diabetic complications \[[@b4-kjim-2015-404]\]. The metabolic abnormalities of diabetes cause mitochondrial superoxide overproduction in endothelial cells of both large and small vessels, as well as in the myocardium, which results in the activation of major pathways involved in the pathogenesis of complications \[[@b5-kjim-2015-404]\]. Oxidative stress has also been suggested to be involved in the pathogenesis of target organ damage in hypertension \[[@b6-kjim-2015-404]\]. Angiotensin II is known as an inducer of oxidative stress in cardiovascular tissue \[[@b7-kjim-2015-404]\] and it is suggested that RAAS antagonists such as ACEI or ARB can reduce inflammation and oxidative stress \[[@b8-kjim-2015-404],[@b9-kjim-2015-404]\].

Amlodipine is a dihydropyridine calcium channel blocker (CCB), which has also displayed antioxidant effects in *in vitro* and *in vivo* studies, independent of its calcium channel blocking action \[[@b10-kjim-2015-404]\]. Amlodipine is commonly used due to its ability to assist patients with diabetes reach their target BP value \[[@b11-kjim-2015-404]\].

In this study, we compared the changes in an oxidative stress marker after valsartan and amlodipine treatment in type 2 diabetic patients with hypertension and compared the changes in metabolic parameters.

METHODS
=======

Subjects
--------

Type 2 diabetic patients who visited the endocrinology outpatient clinic at seven general hospitals in Korea were enrolled in this study. The patients met the inclusion criteria, which consisted of (1) systolic BP (SBP) 135 to 160 mmHg and/or diastolic BP (DBP) 85 to 100 mmHg; (2) 30 to 80 years of age; (3) not taking antihypertensive drugs within 2 weeks prior to screening date; and (4) glycated hemoglobin (HbA1c) ≤ 9.0%. Patients with secondary hypertension, impaired hepatic function (defined by serum levels of either alanine transaminase or aspartate transaminase \> 2.5 times the upper limit of normal), renal impairment (serum creatinine \> 2.0 mg/dL), or any other clinically relevant serious disease, including malignancy, serious infection, heart failure, myocardial infarction or stroke within 6 months prior to the screening date, or patients who were pregnant, breast-feeding, or planning to bear a child were excluded. Due to possible effects on oxidative stress markers, patients who consumed statin, thioctic acid or thiazolidinedione within 3 months or systemic steroids or herbal medications within 1 month prior to the screening date were excluded. Patients taking antiplatelet drugs, vitamins, or estrogen at the initial screening date were included but were not allowed to adjust the drug dosages. Antidiabetic medications were allowed to be adjusted throughout the course of the study, with the exception of thiazolidinedione.

This study was approved by all Institutional Review Boards of the concerned hospitals, and all enrolled subjects provided written informed consent forms. This trial was registered in Clinical Research Information Service, Republic of Korea (registration number KCT0001498).

Study design and treatment
--------------------------

This was a randomized, open label, active control, multicenter study. The subjects were randomized using a computer-generated allocation system into groups for treatment with either amlodipine 5 mg or valsartan 80 mg every morning for 24 weeks. BP was measured at baseline and 8, 16, and 24 weeks. SBP and DBP were measured 10 minutes after arriving at the clinics and another 5 minutes later, and the average of these two times were recorded. If the BP had not reached either SBP \< 130 mmHg or DBP \< 80 mmHg at 8 weeks of treatment, the dosage of each drug was doubled. If the subjects' BP in both groups did not reach the target BP (130/80 mmHg) at 16 weeks, thiazide 12.5 mg was additionally prescribed, as it had been previously proven to have no effect on oxidative stress \[[@b12-kjim-2015-404]\]. Blood and urine were sampled in the morning after overnight fasting at baseline and after 24 weeks of treatment with each drug.

Biochemical measurements
------------------------

The blood samples were centrifuged and the resulting supernatants as well as urine samples were stored at --70°C until analyses. Glucose, HbA1c, insulin, total cholesterol, triglyceride, and high density lipoprotein cholesterol concentrations were measured using standard methods. The low density lipoprotein cholesterol concentration was calculated using the Friedewald equation \[[@b13-kjim-2015-404]\]. Homeostasis model assessment of insulin resistance (HOMA-IR) \[(fasting insulin \[μU/mL\] × fasting glucose \[mmol/L\]) / 22.5)\] was calculated as an index of insulin resistance. We measured serum nitrotyrosine as an oxidative stress marker using an ELISA kit (Cell Biolabs, San Diego, CA, USA), and the intra- and interassay coefficients of variation were 6% and 10%, respectively. Serum high-sensitive C-reactive protein (hsCRP, Denka-seiken, Tokyo, Japan) and urine albumin and creatinine were also measured.

Statistical analyses
--------------------

Statistical analyses were performed using the IBM SPSS Statistics version 23.0 (IBM Co., Armonk, NY, USA). Nitrotyrosine was log transformed, resulting in normal distributions. We used paired t tests to analyze the differences in values before and after 24 weeks of valsartan or amlodipine administration. Parameters of each group at baseline and 24 weeks after administration were compared using Student unpaired *t* tests. Differences between each group were also compared at baseline and 24 weeks using Student unpaired *t* tests. A *p* value \< 0.05 was considered to indicate statistical significance.

RESULTS
=======

Sixty-eight subjects were enrolled and 58 subjects completed the study. The baseline characteristics of valsartan and amlodipine groups are shown in [Table 1](#t1-kjim-2015-404){ref-type="table"}. The mean age of the subjects was 53.2 and 55.8 years and the mean diabetes duration was 7.2 and 8.9 years, respectively. The mean SBP and DBP were 146.1 and 89.8 mmHg in the valsartan group and 147.1 and 91.0 mmHg in the amlodipine group. The mean body mass index (BMI) was 25.3 and 24.6 kg/m^2^ and the mean HbA1c was 7.3% and 7.1%, respectively. There were no significant differences between the groups in BP, glucose, lipid profiles, BMI and the antidiabetic medication. During the study, one more class of antidiabetic medication was added in two subjects from the valsartan group and two subjects from amlodipine group.

At the conclusion of the study at 24 weeks, the number of subjects who took valsartan in doses of 80, 160, and 160 mg plus thiazide 12.5 mg was 17, 8, and 6, respectively, in the valsartan group. In the amlodipine group, 18 subjects took 5 mg and nine took 10 mg of amlodipine. At week 24, target BP (130/80 mmHg) was not reached in seven subjects from the valsartan group and seven subjects from the amlodipine group. After 24 weeks of valsartan or amlodipine treatment, SBP and DBP were decreased in both groups but the difference of decrease between the groups was not significant ([Tables 2](#t2-kjim-2015-404){ref-type="table"} and [3](#t3-kjim-2015-404){ref-type="table"}). The serum level of nitrotyrosine, an oxidative stress marker, decreased after 24 weeks of valsartan treatment compared to baseline (log nitrotyrosine 0.84 ± 0.39 nmol/L vs. 0.51 ± 0.39 nmol/L, *p* = 0.007) and decreased after amlodipine treatment (log nitrotyrosine 0.68 ± 0.59 nmol/L vs. 0.38 ± 0.39 nmol/L, *p* = 0.037) ([Table 2](#t2-kjim-2015-404){ref-type="table"}, [Fig. 1](#f1-kjim-2015-404){ref-type="fig"}). The decrease in serum nitrotyrosine was not significantly different between the two groups ([Table 3](#t3-kjim-2015-404){ref-type="table"}). There was also no significant difference in the decrease in serum nitrotyrosine between both groups, even after dividing the subjects based on albuminuria levels (urine albumin to creatinine ratio \[ACR\] \< 30 and ≥ 30 μg/mg Cr). Other parameters including glucose, lipid profile, urine ACR, hsCRP, and HOMA-IR showed no significant differences before and after treatment in either group ([Table 2](#t2-kjim-2015-404){ref-type="table"}). The decrease in the oxidative stress marker did not correlate with decreased BP or urine albumin excretion in each group (data not shown).

DISCUSSION
==========

The present study showed valsartan and amlodipine reduced the oxidative stress marker serum nitrotyrosine in type 2 diabetic patients with hypertension, showing no correlation with their BP lowering effect.

The importance of oxidative stress as a pivotal mechanism for the development of diabetic complications has been highly recognized \[[@b4-kjim-2015-404],[@b5-kjim-2015-404]\]. Stimuli such as hyperglycemia or high BP increase ROS production, such as hydrogen peroxide (H~2~O~2~), peroxynitrite and other free radicals \[[@b14-kjim-2015-404]\]. An increase in oxidative/nitrosative stress describes cellular antioxidant defenses that are inadequate to fully inactivate the ROS and reactive nitrogen species (RNS), resulting in damage to DNA, lipids, and proteins. Measuring cellular products of oxidative damage has been suggested as a method to evaluate the degree of oxidative stress. RNS such as peroxynitrite anion and nitrogen dioxide mediate tyrosine nitration, which represents a post-translational modification of proteins in situations of high oxidative stress \[[@b15-kjim-2015-404],[@b16-kjim-2015-404]\]. The association of nitrotyrosine with cardiovascular diseases was reported in previous human studies \[[@b15-kjim-2015-404]\].

Angiotensin II acts as a ROS inducer via an nicotinamide adenine dinucleotide phosphate-dependent mechanism, increasing ROS formation in the peripheral circulation \[[@b17-kjim-2015-404]\] and ACEIs or ARBs may reduce oxidative stress \[[@b18-kjim-2015-404]\]. RAAS inhibitors were proven advantageous in the initial treatment for hypertension in diabetic patients. Although evidence of the advantages of RAAS inhibitors on cardiovascular diseases outcomes in diabetic patients is conflicting, it is recommended as the initial treatment for hypertension \[[@b19-kjim-2015-404]\].

Several previously published papers support our findings that ARB reduces oxidative stress. In a Japanese study, subjects with essential hypertension assigned to receive the ARB candesartan, or other antihypertensive agents that do not block the RAAS showed reduction of oxidative stress and inflammation in the candesartan group \[[@b20-kjim-2015-404]\]. Valsartan also reduced oxidative stress in estrogen-deficient rats, an endothelial dysfunction model \[[@b21-kjim-2015-404]\] and in rat models of myocardial ischemia-reperfusion \[[@b22-kjim-2015-404]\]. Another study reported that valsartan treatment reduced renal inflammation and oxidative stress markers and slowed the progression of diabetic nephropathy in obese and diabetic mice \[[@b23-kjim-2015-404]\].

CCBs are a chemically heterogeneous group blocking the transfer of calcium ions across cell membranes; thereby, reducing intracellular calcium. Amlodipine is a dihydropyridine CCB that is more selective in blocking L-type calcium channels in vascular smooth muscle cells, inducing vascular relaxation and reduced BP \[[@b24-kjim-2015-404]\]. Previous studies reported that amlodipine, a highly lipophilic CCB, inhibits oxidative damage to lipids associated with cellular membranes and lipoprotein particles \[[@b10-kjim-2015-404]\]. Amlodipine inhibited lipid peroxide formation, independent of calcium channel modulation and this antioxidant activity of amlodipine is attributed to both its high lipophilicity and a chemical structure that facilitates proton-donating and resonance-stabilization mechanisms that quench the free-radical reaction \[[@b24-kjim-2015-404],[@b25-kjim-2015-404]\]. There was a Japanese study showing that amlodipine decreased oxidative stress in patients with type 2 diabetes \[[@b26-kjim-2015-404]\]. Reportedly, amlodipine reduced BP in the early stages of treatment as well as the SBP variability more than atenolol or ACEI, resulting in a better protecting effect than ARBs against stroke and myocardial infarction \[[@b27-kjim-2015-404],[@b28-kjim-2015-404]\].

There have been several studies comparing ARBs and CCBs. In a study in which valsartan and amlodipine were compared in hypertensive patients with left ventricular hypertrophy, formation of ROS by monocytes was reduced in the valsartan group but not in the amlodipine group \[[@b29-kjim-2015-404]\]. In another study evaluating whether the use of the ARB olmesartan and amlodipine improved the endothelium-dependent coronary dilation in hypertensive patients, the olmesartan group showed improvement, as well as an increase in the antioxidant marker, superoxide dismutase, independent of BP reduction \[[@b30-kjim-2015-404]\]. A study on the effects of valsartan and amlodipine on endothelial function and oxidative stress in patients of essential hypertension also showed a decrease in oxidative stress markers after 1 year of treatment with valsartan but not with amlodipine \[[@b31-kjim-2015-404]\]. However, another study on the effects of amlodipine and valsartan in end-stage renal disease patients on hemodialysis showed a decrease in oxidative stress in both groups \[[@b32-kjim-2015-404]\], similar to our results in type 2 diabetic patients with essential hypertension who did not take antihypertensive drugs.

RAAS blockers are recommended as a pharmacological therapy for diabetic patients with hypertension \[[@b19-kjim-2015-404]\]. However, a combination of more than one antihypertensive drug is generally needed to reach the target BP \[[@b11-kjim-2015-404]\]. In the Avoiding Cardiovascular events through Combination therapy in Patients Living with Systolic Hypertension (ACCOMPLISH) trial, it was suggested that a combination of RAAS blockers and amlodipine was superior to RAAS blockers and hydrochlorothiazide in reducing cardiovascular events among patients with hypertension and cardiovascular risk factors, with the greatest impact among diabetic patients \[[@b33-kjim-2015-404]\]. Our results showing an improved oxidative stress marker after valsartan or amlodipine treatment can somewhat support the fact that ARB and CCB are recommended to treat diabetic patients with hypertension.

In this study, valsartan showed a decrease in serum nitrotyrosine, but not in albuminuria or hsCRP in type 2 diabetic patients with hypertension. The lower dosage of valsartan used in our study may have produced negative results, taking into consideration another report showing a higher dose of angiotensin II blockade was used to reduce albuminuria as well as inflammation \[[@b23-kjim-2015-404]\]. Other possible reasons for this discrepancy are that the number of enrolled subjects in the present study is considered low and the standard deviation of metabolic parameters was high. Besides the low number of study subjects, not having a placebo or a control group, and not being a blind study contributed to the limitations of our study.

In conclusion, valsartan and amlodipine reduced the oxidative stress marker in type 2 diabetic patients with hypertension. Considering the role of oxidative stress on the progression of diabetic complications, either drug, or their combination, can be suitable options for treating patients with diabetes and hypertension.

KEY MESSAGE
===========

1\. Valsartan and amlodipine reduced the oxidative stress marker in type 2 diabetic patients with hypertension.

2\. Valsartan, amlodipine, or their combination, can be suitable options for treating patients with diabetes and hypertension.
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###### 

Subject baseline characteristics and metabolic parameters

  Characteristic                Valsartan (n = 33)   Amlodipine (n = 35)   *p* value^[a](#tfn1-kjim-2015-404){ref-type="table-fn"}^
  ----------------------------- -------------------- --------------------- ----------------------------------------------------------
  Age, yr                       53.2 ± 9.5           55.8 ± 10.1           0.281
  Sex, male/female              23/10                25/10                 0.878
  DM duration, yr               7.2 ± 5.9            8.9 ± 7.0             0.281
  SBP, mmHg                     146.1 ± 7.9          147.1 ± 7.4           0.594
  DBP, mmHg                     89.8 ± 7.0           91.0 ± 7.3            0.489
  Body weight, kg               68.9 ± 9.2           68.1 ± 10.3           0.754
  BMI, kg/m^2^                  25.3 ± 2.8           24.6 ± 2.4            0.214
  Waist, cm                     89.7 ± 6.7           88.5 ± 5.7            0.438
  Total cholesterol, mg/dL      185.2 ± 26.4         183.8 ± 30.8          0.837
  Triglycerides, mg/dL          157.2 ± 93.6         175.2 ± 125.2         0.505
  LDL-C, mg/dL                  106.3 ± 27.3         102.0 ± 30.4          0.545
  HDL-C, mg/dL                  47.1 ± 7.8           46.4 ± 11.1           0.769
  Glucose, mg/dL                137.7 ± 28.7         140.4 ± 28.5          0.702
  HbA1c, %                      7.3 ± 0.8            7.1 ± 0.8             0.419
  Insulin, μU/mL                14.83 ± 29.81        11.24 ± 10.60         0.511
  HOMA-IR                       5.26 ± 12.50         3.63 ± 3.03           0.469
  Smoking, %                    36.4                 20.0                  0.193
  Antidiabetic medications, %                                              
   Sulfonylurea                 51.5                 48.6                  0.808
   Metformin                    78.8                 80.0                  0.902
   DPP-4 inhibitor              21.2                 37.1                  0.150
   Meglitinide                  3.0                  2.9                   0.966
   α-Glycosidase inhibitor      9.1                  5.7                   0.594
   Insulin                      0                    8.6                   0.085

Values are presented as mean ± SD.

DM, diabetes mellitus; SBP, systolic blood pressure; DBP, diastolic blood pressure; BMI, body mass index; LDL-C, low density lipoprotein cholesterol; HDL-C, high density lipoprotein cholesterol; HbA1c, glycated hemoglobin; HOMA-IR, homeostasis model assessment of insulin resistance; DPP-4, dipeptidyl peptidase 4.

*p* between valsartan and amlodipine groups using an independent *t* test.

###### 

Metabolic parameters before and after 24 weeks of treatment with valsartan or amlodipine

  Parameter                                                                  Valsartan (n = 31)   Amlodipine (n = 27)   *p* value^[c](#tfn4-kjim-2015-404){ref-type="table-fn"}^   *p* value^[d](#tfn5-kjim-2015-404){ref-type="table-fn"}^                                      
  -------------------------------------------------------------------------- -------------------- --------------------- ---------------------------------------------------------- ---------------------------------------------------------- --------------- ---------- ------- -------
  SBP, mmHg                                                                  145.8 ± 8.0          129.3 ± 10.1          \< 0.001                                                   146.9 ± 7.1                                                130.7 ± 11.0    \< 0.001   0.587   0.627
  DBP, mmHg                                                                  89.2 ± 7.2           79.9 ± 7.2            \< 0.001                                                   92.0 ± 7.7                                                 79.8 ± 7.8      \< 0.001   0.169   0.956
  Body weight, kg                                                            68.6 ± 9.5           68.3 ± 9.5            0.363                                                      69.6 ± 9.8                                                 69.0 ± 9.9      0.181      0.933   0.777
  BMI, kg/m^2^                                                               25.4 ± 2.9           25.3 ± 2.9            0.374                                                      24.4 ± 2.3                                                 24.2 ± 2.3      0.158      0.142   0.156
  Waist, cm                                                                  89.6 ± 7.1           87.4 ± 17.3           0.461                                                      88.7 ± 5.3                                                 87.8 ± 5.8      0.120      0.456   0.927
  TC, mg/dL                                                                  185.1 ± 27.7         182.5 ± 32.2          0.601                                                      182.2 ± 33.2                                               179.4 ± 28.8    0.612      0.731   0.711
  TG, mg/dL                                                                  143.5 ± 78.9         163.6 ± 91.0          0.224                                                      174.2 ± 126.9                                              159.8 ± 108.4   0.427      0.292   0.889
  LDL-C, mg/dL                                                               108.1 ± 27.0         103.7 ± 32.1          0.436                                                      104.1 ± 33.3                                               102.3 ± 29.7    0.767      0.605   0.867
  HDL-C, mg/dL                                                               47.9 ± 7.8           47.1 ± 9.7            0.544                                                      44.9 ± 11.1                                                46.4 ± 11.9     0.329      0.328   0.821
  Glucose, mg/dL                                                             138.2 ± 29.0         144.7 ± 45.7          0.304                                                      145.2 ± 30.6                                               135.0 ± 29.1    0.061      0.384   0.369
  HbA1c, %                                                                   7.2 ± 0.8            7.3 ± 0.9             0.847                                                      7.1 ± 0.8                                                  6.8 ± 1.8       0.308      0.792   0.276
  Insulin, μU/mL                                                             14.27 ± 30.29        13.73 ± 26.82         0.528                                                      10.66 ± 11.81                                              11.18 ± 15.76   0.651      0.486   0.677
  HOMA-IR                                                                    5.66 ± 13.46         5.50 ± 11.40          0.734                                                      3.57 ± 3.40                                                3.89 ± 5.94     0.640      0.466   0.544
  hsCRP, mg/L                                                                1.51 ± 1.61          1.86 ± 2.07           0.288                                                      3.04 ± 9.02                                                1.22 ± 1.51     0.284      0.417   0.206
  ACR, μg/mg Cr                                                              39.3 ± 70.6          29.6 ± 51.5           0.185                                                      41.0 ± 67.0                                                32.5 ± 55.1     0.130      0.699   0.852
  Log nitrotyrosine, nmol/L^[e](#tfn6-kjim-2015-404){ref-type="table-fn"}^   0.84 ± 0.39          0.51 ± 0.39           0.007                                                      0.68 ± 0.59                                                0.38 ± 0.39     0.037      0.802   0.206

Values are presented as mean ± SD.

SBP, systolic blood pressure; DBP, diastolic blood pressure; BMI, body mass index; TC, total cholesterol; TG, triglycerides; LDL-C, low density lipoprotein cholesterol; HDL-C, high density lipoprotein cholesterol; HbA1c, glycated hemoglobin; HOMA-IR, homeostasis model assessment of insulin resistance; hsCRP, high-sensitive C-reactive protein; ACR, urine albumin to creatinine ratio.

*p* value before and after valsartan treatment using a paired *t* test.

*p* value before and after amlodipine treatment using a paired *t* test.

*p* value comparison between valsartan and amlodipine at baseline using an independent *t* test.

*p* value comparison between valsartan and amlodipine at 24 weeks using an independent *t* test.

Nitrotyrosine was log transformed.

###### 

Changes (△) in metabolic parameters after 24 weeks of treatment with valsartan or amlodipine

  Parameter                                                           Valsartan       Amlodipine      *p* value^[a](#tfn7-kjim-2015-404){ref-type="table-fn"}^
  ------------------------------------------------------------------- --------------- --------------- ----------------------------------------------------------
  △SBP                                                                --16.5 ± 12.6   --16.2 ± 13.3   0.938
  △DBP                                                                --9.3 ± 9.4     --12.1 ± 8.3    0.228
  △Waist                                                              --2.2 ± 15.5    --0.9 ± 2.8     0.672
  △HbA1c                                                              0.0 ± 0.6       --0.3 ± 1.4     0.290
  △Insulin                                                            --0.55 ± 4.78   0.52 ± 5.72     0.448
  △HOMA-IR                                                            --0.17 ± 2.56   0.312 ± 3.16    0.553
  △hsCRP                                                              0.35 ± 1.78     --1.82 ± 8.33   0.163
  △ACR                                                                --9.7 ± 37.7    --8.5 ± 25.3    0.902
  △Log nitrotyrosine^[b](#tfn8-kjim-2015-404){ref-type="table-fn"}^   --0.32 ± 0.54   --0.30 ± 0.58   0.889

Values are presented as mean ± SD.

SBP, systolic blood pressure; DBP, diastolic blood pressure; HbA1c, glycated hemoglobin; HOMA-IR, homeostasis model assessment of insulin resistance; hsCRP, high-sensitive C-reactive protein; ACR, urine albumin to creatinine ratio.

*p* between valsartan and amlodipine groups using an independent *t* test.

Nitrotyrosine was log transformed.
